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ABSTRACT 
Partial sequences of cytochrome b (Cyt b) and 16S ribosomal RNA {16S rRNA} 
mitochondrial genes were used for species identification and estimating phylogenetic 
relationship among three commercially important Ompok species viz. 0. pabda/ 0. pabo & 0. 
bimaculatus. The sequence analysis of Cyt b {1118bp) and 16S rRNA {569 & 570bp) genes revealed 
that 0. pabda1 0. pabo & 0. bimacu/atus were genetically distinct species and they exhibited 
identical phylogenetic relationship. The present study discussed usefulness of mtDNAgenes {Cyt b 
& 16S rRNA) in resolving taxonomic ambiguity and estimating phylogenetics relationship. 
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INTRODUCTION 
The diverse Eurasian catfish Family 
Siluridae (Order Siluriformes) is widely 
distributed throughout the world with 
approximately 437 genera and more than 
2700 species representing 32% of all 
freshwater fishes (Teugels, 2003}. The catfish 
genus Ompok (Lacepede, 1803} refers to 
medium-sized Silurids that are usually found 
in lakes and large rivers throughout South and 
Southeast Asia (Heok, 2003}. Four species 
belonging to genus Ompok ( 0. pabda/ 0. pabo, 
0. bimaculatus and 0. malabaricus) have been 
reported from India (Froese and Pauly, 2005}. 
Among them, 0. pabda, 0. pabo and 0. 
bimacu/atus have been categorized as 
endangered fish species in India (Lakra and 
Sarkar, 2006}. 
Identification and characterization of 
fish species are usually based on 
morphological characters that are sometimes 
bound to be erroneous. Synonymous citation 
in FishBase indicates the possibility of 
ambiguous taxonomic identifications of 
Ompok species. Hence, it is required to 
examine systematic relationships among the 
species using molecular marker to provide 
supplementary information for taxonomic 
identification. 
Mitochondrial DNA markers 
cytochrome b {Cyt b) and 16S ribosomal RNA 
{16S rRNA} genes are excellent markers for 
examining biogeographical events and 
phylogenetics. Cyt b gene has been widely 
used to study genetic variation, phylogenetic 
relationships and taxonomy in many fishes 
and invertebrates (McVeigh et a/., 1991; 
Cavender and Coburn, 1992; Groves and 
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Shields, 1996; Gilles eta/., 1998; Perdices et 
a/., 2004; Xiao et a/., 2001; Burridge, 1999; 
Peng eta/., 2002; Tang eta/., 2003; He eta/., 
2004; Xiang eta/., 2004). The mtDNA 16S rRNA 
gene has been used for establishing the 
evolutionary relationship of lineages of similar 
divergence in many fishes (Alves-Gomes eta/., 
1995; Farias et a/., 1999; Tinti et a/., 1999; 
Tringali et a/., 1999; Hanel and Sturmbauer, 
2000). The present study was aimed to resolve 
taxonomic ambiguity along with intraspecific 
& interspecific genetic diversity of the three 
Ompok species and to infer phylogenetic 
relationship among them. 
MATERIALS AND METHODS 
Sampling 
A total of 106 samples from three 
species 0. pabda, 0. pabo and 0. bimaculatus 
were collected from eight sampling sites of 
seven Indian Rivers. Sampling details are given 
in Table 1. Approximately 100 mg of fin clips 
and muscle tissue from each fish sample were 
taken and preserved in 95% ethanol. 
DNA Isolation 
The DNA was isolated following 
Ruzzante et a/. (1996) with minor 
modifications. The concentration of the 
isolated DNA was estimated at wave length of 
260 nm using UV spectrophotometer. The 
DNA was diluted to get a final concentration of 
50 ng/lll. 
Amplific<:~tion and sequencing 
The mtDNA Cyt b gene was amplified 
in a 50 Ill reaction volume with 5 Ill of lOx Taq 
polymerase buffer, 21.!1 of MgCI 2 (25 mM), 0.25 
Ill of each dNTP (0.05 mM), 0.5 Ill of each 
primer (0.01 mML 1.2 U of Taq polymerase 
and 2 Ill of genomic DNA (SOng/Ill). The 
primers used for the amplification of the Cyt b 
gene were L14724 5' 
GACTTGAARAACCAYCGTTG-3' and H15915-
5'-CTCCGATCTCCGGATTACAAGAC-3' (Irwin et 
a/., 1991). The thermal regime consisted of an 
initial denaturation step of 3 min at 94QC 
followed by 35 cycles of 45 s at 94QC, 50 s at 
S4QC and 1 min 20 sat 72QCfollowed in turn by 
a final extension of 10 min at 72QC. 
16S rRNAgene was also amplified in a 
50 Ill reaction volume with 5 Ill of lOx Taq 
polymerase buffer, 21.!1 of MgCI2 (25 mM), 0.25 
Ill of each dNTP (0.05 mML 0.5 Ill of each 
primer (0.01 mM), 1.2 U of Taq polymerase 
and 2 Ill of genomic DNA (SOng/Ill). The 
primers used for the amplification of the 16S 
rRNA gene were 16SAR 5'-
CGCCTGTTTATCAAAA ACAT-3' and 16SBR 5'-
CCGGTCTGAA CTCAGATCACGT-3' (Palumbi et. 
a/., 1991). The thermal regime consisted of an 
initial denaturation step of 2 min at 94QC 
followed by 35 cycles of 30 s at 94QC, 40 s at 
47QC and 1 min at 72QC followed in turn by a 
final extension of 10 min at 72QC. 
PCR products were visualized on 
1.0% agarose gels after staining with ethidium 
bromide. Products were labeled using the 
BigDye Terminator V.3.1 Cycle sequencing Kit 
(Applied Biosystems, Inc) and sequenced 
bidirectionally using an ABI 3730 capillary 
sequencer following manufacturer's 
instructions. 
Sequence analysis 
Sequences were edited using 
DNASTAR software (DNASTAR, inc.). Multiple 
sequence alignments were done using 
ClustaiW (Thompson et a/., 1997). The 
sequences were bidirectionally aligned and 
primers were removed and consensus 
sequences of Cyt b (1118bp) and 16S rRNA 
(569 & 570bp) were used for data analysis. The 
sequences were submitted to NCBI for 
GenBank accession numbers (Table 1). 
Pairwise genetic distance (K2P) (Kimura, 
1980), polymorphic sites, nucleotide 
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composition and number of transition and 
transversion between species were 
performed using MEGA 4.0 (Tamura et a!., 
2007) software. Neighbor~Joining (Saitou and 
Nei, 1987) and Maximum Parsimony {Eck and 
Dayhoff, 1966) trees with 1000 
pseudoreplications (Felsenstein, 1993) were 
constructed using MEGA 4.0 software using 
outgroup Wal!ago attu (AF477828) for Cyt b 
and Glyptothorax davissinghi (FJ357212) for 
165 rRNA. The haplotype diversity (Hd) and 
nucleotide diversity (Pi) were carried out using 
DnaSp 4.5 (Rozas eta!., 2006) software. 
RESULTS 
A total of 106 sequences of each 
mtDNA genes (Cyt b and 165 rRNA) were 
generated from three species of Ompok. 
Twenty haplotypes of Cyt b gene (seven in 0. 
pabda, five in 0. pabo and eight in 0. 
bimacu!atus) and thirty haplotypes of 165 
rRNA gene (four in 0. pabda, five in 0. pabo 
and four in 0. bimacu!atus) were observed. 
Simplicity and un-ambiguity were observed 
among all the sequences. 
Ompokpabda 
The sequence alignment of Cyt b 
gene yielded 1118 sites per individual in 0. 
pabda. There were 1075 (96.1%) conserved 
sites, 43 (3.8%) variable sites and 41 (3.6%) 
parsimony informative sites respectively. The 
transitional/transversional ratio was 
estimated as 3.7 (si ""17; sv =5). The average 
intraspecific genetic distance {2.0%) was 
estin1ated as following K2P distance model. 
The sequencing of 16SrRNA region 
yielded 570 bp of sequence per individual in 0. 
pabda. There were 565 {99.1%) conserved 
sites, 5 (0.87%) variable sites and 1 (0.17%) 
parsimony informative sites respec;tively. The 
transitional/transversional ratio was 
estimated as 1.3 (si =4; sv "'3). The average 
intraspecific genetic distance (0.4%) was 
estimated as following 1<2P distance model. 
Ompol<pabo 
The sequence alignment of Cyt b 
gene yielded 1118 bp per individual in 0. pabo. 
There were 1108 {99.1%) conserved sites, 10 
(0.89%) variable sites and 9 {0.80%) parsimony 
informative sites respectively. The 
transitional/transversional ratio was 
estimated as 0.6 (si =2; sv =4). The average 
intraspecific genetic distance {0.5%) was 
estimated as following K2P distance model. 
The sequencing of 16SrRNA gene 
yielded 569 bp of sequence per individual in 0. 
pabo. There were 565 (99.2%) conserved 
sites, 4 (0.70%) variable sites and 1 (0.17%) 
parsimony informative sites respectively. The 
transitional/transversional ratio was 
estimated as 1.0 (si =2; sv =2). The average 
intraspecific genetic distance (0.3%) was 
estimated as following 1<2P distance model. 
Ompok bimaculatus 
The sequence alignment of Cyt b 
gene yielded 1118 bp per individual in 0. 
bimacu!atus. There were 1105 {98.8%) 
conserved sites, 13 (J .. l%) variable sites and 
13 (1.1%) parsimony informative sites 
respectively. The transitional/transversional 
ratio was estimated as 1.2 (si =4; sv =3). The 
average intraspecific genetic distance (0.5%) 
was estimated as following K2P distance 
model. 
The sequencing of 16SrRNA region 
yielded 570 bp of sequence per individual in 0. 
Bimacu!atus. There were 567 (99.4%) 
conserved sites, 3 (0.52%) variable sites and 1 
(0.17%) parsimony informative sites 
respectively. The transitional/transversional 
ratio was estimated as 1.0 {si =2; sv =2). The 
!;:1Verage intraspecific genetic distance (o.z:~) 
Was estimated as following K2P dista:nce 
model. 
68 A. K. MALAKAR, W. S. LAKRA, M. SINGH, M. GOSWAMI AND R. M. MISHRA 
Interspecific Genetic Variation 
The mean number of nucleotide 
frequencies, haplotype diversity, nucleotide 
diversity and transitional/transversional ratio 
of Cyt b and 16S rRNA genes in 0. pabda, 0. 
pabo and 0. bimacu!atus are given in Table 2. 
A total of 274 nucleotide 
substitutions (20 synonymous and 254 
nonsynonymous substitutions) were 
observed in Cyt b sequences obtained from 
the three Ompok species. The polymorphic 
sites are given in Fig. 1. The content of A+ Tin 
0. pabda (54.1%), 0. pabo (53.8%) and 0. 
bimaculatus (56.6%) were higher than the C + 
Gin 0. pabda (45.9%), 0. pabo (46.1%) and 0. 
bimacu/atus (43.4%). GC content were be 
used three Ompok species for differentiation. 
0. pabda and 0. pabo are closer and both fairly 
diverged from 0. bimacu/atus. It exhibited a 
strong bias anti-G. The average transitional 
pairs (si = 78) was more frequent than 
transversional pairs (sv = 14) in Ompok 
species. Average nucleotide difference from 
the Ompok species was 119.0%. Intraspecific 
nucleotide differences ranged from 1 to 32 
and interspecific nucleotide difference ranged 
from 141 to 184 respectively. 
Pair wise genetic distance values 
(K2P) and Standard error estimates (above 
diagonals) are given in Table 3. The average 
intraspecific sequence divergence was 1.0% 
whereas, the average interspecific sequence 
divergence was 12.0%. The highest 
interspecific sequence divergence (18.8%) 
was between 0. pabda and 0. pabo whereas, 
the lowest (13.9%) was between 0. pabo and 
0. bimacu!atus. 
In 16S rRNA gene, the content of A+ T 
in 0. pabda (53.7%), 0. pabo (53.4%) and 0. 
bimaculatus (54.0%) were higher than that of 
C +Gin 0. pabda (46.2%), 0. pabo (46.6%) and 
0. bimaculatus (46.1%). It exhibited a strong 
anti-G bias. The polymorphic sites are given in 
Fig. 2. The average transitional pairs (si = 14) 
was more frequent than transversional pairs 
(sv = 6) in three Ompok species. Average 
nucleotide differences from the Ompok 
species was 20.3%. Intraspecific nucleotide 
differences ranged from 1 to 4 and 
interspecific nucleotide difference ranged 
from 19 to 32 respectively. 
Pair wise genetic distance values 
(K2P) and Standard error estimates (above 
diagonals) are given in Table 4. The average 
intraspecific sequence divergence was 0.3% 
whereas, the average interspecific sequence 
divergence was 3.7%. The highest interspecific 
sequence divergence (5.8%) was between 0. 
pabo and 0. pabda whereas, the lowest (3.4%) 
was between 0. bimacu!atus and 0. pabda. 
Phylogenetic relationships 
Neighbor-Joining (NJ) tree was 
constructed using K2P distance model with 
1000 pseudoreplications. The Maximum 
Parsimony (MP) tree was constructed using 
Close-Neighbor-Interchange algorithm (Nei 
and Kumar, 2000) in which the initial trees 
were obtained with the random addition of 
sequences (10 replicates).The bootstrap 
values were given above the branch node (Fig. 
3a, b & 4a, b). Two major clusters were 
observed in both NJ & MP tree. The first 
cluster was consist of individuals of 0. pabo & 
0. bimaculatus and the second cluster was 
consist of individuals of 0. pabda in Cyt b 
sequences whereas, the first cluster was 
consist of individuals of 0. pabda & 0. 
bimacu/atus and the second cluster consisted 
of individuals ofO. pabo in 16S rRNAgene. 
DISCUSSION 
Mitochondrial DNA has been 
extensively studied in fish phylogenetics since 
mitochondriai16S rRNA gene and the protein 
coding COl gene are highly conserved. These 
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mitochondrial genes have been sequenced in 
various invertebrate and vertebrate taxa 
(Brown, 1985; Bermingham & Lessios, 1993; 
Santos eta/., 2003; Munasinghe eta/., 2004; 
Vinson eta/., 2004; Ward eta!., 2005; An eta/., 
2005, Lakra et a/., 2008). Pairwise 
comparisons, sequence alignment, sequence 
divergence and sequence analysis of the Cyt b 
and 16S rRNA genes revealed lower level of 
intraspecific and interspecific genetic 
divergence in the three Ompok species. 
Usually, 16S rRNA is formed to be more conse 
than COl, Cyt b genes and is used to investigate 
the relationship among different species and 
genera. The results revealed a very close 
genetic relationship among three Ompok 
species at the nucleotide sequence level. The 
majority of the nucleotide differences were of 
transitions (si) and only two amino acid 
changes were observed. Transitions 
outnumbered transversions in the present 
study in accordance with the previous reports 
{Santos et a/., 2003; Vinson et a/., 2004). 
Generally in mtDNA, a much larger excess of 
transitions related to transversion is typically 
observed {Ward eta/., 2005). Relatively low 
values for first and second positions suggest 
that most sites have either very low 
substitution rates or are invariable, whereas a 
few sites exist with very high rates {Saitou and 
Nei, 1987; Yang, 1996; Voelker and Edwards, 
1998). Third codon position however, has 
been shown a higher value of substitution, 
suggesting a more uniform distribution; in 
which most sites have intermediate rates and 
few sites have very low or very high rates 
(Yang, 1996; Lakra et a/., 2008). This 
transition/transversion bias and a small 
number of amino acid changes are 
characteristic of the species that have 
diverged recently from a common ancestor 
{Barlett and Davidson, 1991; Kocher et a/., 
1989; McVeigh eta/., 1991; Orti eta/., 1994). 
Meyer (1993) found the same pattern of 
saturation in Cyt b sequences for a few 
representative taxa from the family Cichlidae, 
suggesting that transitions at third position 
would not be reliable indicators of 
evolutionary relationships for the whole 
family, although they could be informative 
among closely related groups of species. The 
GC content of the 569 & 570bp 16Sr RNA 
{46.3%) and 1118bp Cyt b {45.1%) regions 
were on relatively higher side in all Ompok 
species. Ward eta/. {2005) reported an overall 
higher GC content in fishes based on complete 
mtDNA genome ranging from 38.4 to 43.2%, 
which was mostly attributable to 3rd base 
variation. In our study also, the Ompok 
exhibited more nucleotide changes at 3rd 
position. Phylogenetic relationships based on 
morphological characters and molecules are 
mostly concordant {Ward et a/., 2005; 
Bernardi eta/., 2000). The Ompok species 0. 
pabo and 0. bimaculatus that are 
morphologically and meristically more closer 
formed one cluster whereas, 0. pabda formed 
separate cluster in the phylogeny tree 
constructed based on Cyt band 165 rRNA gene 
sequences. The higher interspecific sequence 
divergence was found between 0. pabda and 
0. bimacu/atus whereas, the lower 
interspecific sequence divergence was 
observed between 0. pabo and 0. 
bimaculatus in Cyt b gene whereas, the higher 
interspecific sequence divergence was found 
between 0. pabda and 0. pabo and the lower 
interspecific sequence divergence was 
observed between 0. pabda and 0. 
bimacu/atus in 16S rRNA gene, which indicate 
its ability to adequately describe 
interrelationships of Ompok species. 
Estimates of genetic divergence with Cyt band 
16S rRNA genes were sufficient enough to 
resolve species discrimination among Ompok 
species. The present study has strongly 
supported the utility of mitochondrial genes in 
resolving of taxonomic ambiguity and 
establishing phylogenetic relationship among 
the three Ompok species. It is concluded that 
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the partial sequence of the mitochondrial 
genes {Cyt b and 165 rRNA) can be used as a 
diagnostic molecular marker in fish species 
identification and estimating phylogenetic 
relationship. 
Table 1. locality information, sample size and accession numbers for samples of Ompok 
species used in the current study 
Taxon Sample River, Geographical Cytochrome b 16S rRNA 
Size Sampling site Position (Lat./long) 
Tons, Chak Ghat 25° 01' N & 81° 44' 
13 (Madhya 
Pradesh) E Ompokpabda 
Gomti, Lucknow 26Q 52' N & 80Q 54' FJ711226-FJ711258 GQ46953 7 -GQ469569 
6 (Uttar Pradesh) E 
Gomti, Mishrikh 27Q 25' N & 80Q 31' 
14 (Uttar Pradesh) E 
Ganga, Maida 24Q 57' N & 88Q 06' 
15 (West Bengal) E 
Ompokpabo Bramhaputra, FJ711259-FJ711294 GQ469570-GQ469605 
21 Guwahati 26Q 11' N & 91Q 44' 
(Assam) E 
Hoogly, Kolkatta 22Q 56' N & 88Q 24' 
10 (West Bengal) E 
Ompok Girwa, Bahraich 27Q 34' N & 81Q 34' E 
bimacu/atus 13 (Uttar Pradesh) FJ711295-FJ711331 GQ469606-GQ469642 
Betwa, Bhopal 
23Q 32' N & 77Q 48' E 14 (Madhya 
Pradesh) 
Table 2. Haplotype, Haplotype diversity (Hd) and Nucleotide diversity (Pi), Nucleotide 
frequencies and Transitionsal (si) & Transversional (sv) ratio of Cyt b and 165 rRNA genes for 
all Haplotypes of Ompok species 
Cytochrome b 165 rRNA 
O.pabda O.pabo 0. bimacu/atus O.pabda O.pabo 0. bimaculatus 
Haplotypes No. 7 5 8 4 5 4 
Haplotype Diversity 
(Hd) 2.2 2.3 2.5 2.0 1.8 1.9 
Nucleotide Diversity 
(Pi) 0.45 0.46 0.42 0.32 0.30 0.31 
A 26.9 28.8 29.3 30.6 30.9 31.1 
T 27.2 25.0 27.3 23.1 22.5 22.9 
c 31.0 32.8 30.2 23.9 23.9 23.6 
G 14.9 13.3 13.2 22.3 22.7 22.5 
Transitional/ 
Transversional 1.9 2.4 
(si/sv) Ratio 
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Fig. 2. Alignment of partial DNA sequences of the mitochondrial gene, 165 rRNA of Ompok species 
(only variable sites are reported} (H: Haplotype, OP8038 & OPD; Ompok pabda, OPB & 
OP8072: Ompok pabo, OB: Ompok bimacu/atus} 
OPD1H1 
OPD31H2 
OP8038AH3 
OP8038CH4 
OPB1H1 
OPB11H2 
OP8072AH3 
OP8072BH4 
OP8072DH5 
OB1H1 
OB5H2 
OB11H3 
OB21H4 
111122222 2222222222 2333333333 3333334444 444] 
1455900446 6677788889 9124455555 5567790001 234] 
4557902040 6904503673 7890612456 7875843459 136] 
AACTATTTTG TCCCCTAATA CATCCGCTTA AACGCTTTTC CGT 
...... A ................................... . 
.. T.G.A .................................. A. 
.GT ... A ................................... . 
C.T..CA.CA AA.T.AGGCG AGCTAAT.AT GTTA .. ACCT ... 
C.T.. .A.CA AA.T.AGGCG AGCTAAT.AT GTTA .. ACCT ... 
C.TC.CA.CA AA.T.AGGCG AGCTAAT.AT GTTA .. ACCT .. . 
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B_"Hl 
BJB 
)B_H~ 
Ontpok bimacula.tus 
BCH5 
B_I16 
77 
Fig. 3a. Neighbor-Joining {NJ) phylogenetic tree of Indian Ompok species inferred from DNA sequences of 
mitochondrial Cyt b gene 
I 
10 ~ I. 
I 
62 I 
101~ 
I 
I 
10~ 
J 
I 
Fig. 3b. Neighbor-Joining {NJ) phylogenetic tree of Indian Ompok species inferred from DNA sequences of 
mitochondriai16S rRNA gene 
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Fig. 4a. Maximum Parsimony (MP) phylogenetic tree of Indian Ompok species inferred from DNA 
sequences of mitochondrial Cyt b gene 
Fig. 4b. Maximum Parsimony (MP) phylogenetic tree of Indian Ompok species inferred from DNA 
sequences of mitochondrial 165 rRNA gene 
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